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SEMICONDUCTOR DEVICE PACKAGE AND 
METHOD 

BACKGROUND OF THE INVENTION 

The present invention relates in general to semiconductor 
devices and, more particularly, to a semiconductor device 
Whose package combines high poWer dissipation With a 
small footprint. 
Modern semiconductor technology is producing inte 

grated circuits containing up to several million transistors. 
Such high integration levels provide increased functionality 
While creating the problem of dissipating the poWer gener 
ated by the large number of transistors. Portable equipment 
such as pagers and cellular telephones bene?t from the 
increased functionality but also create a need to reduce the 
physical siZe of these integrated circuits to ?t Within their 
smaller housings. 

The physical siZe of many integrated circuits often is 
determined by the area needed for providing hundreds of 
package terminals Whose dimensions are con?gured for 
mounting on a system circuit board because the minimum 
feature siZe of a system circuit board is larger than that of an 
integrated circuit. For example, integrated circuits are com 
mercially available Whose input/output interconnect pitch is 
less than 0.1 millimeters, Whereas interconnect traces for 
mounting the integrated circuit on a system circuit board are 
formed With a pitch of about 0.4 millimeters, more than 4 
times larger. 

To provide a large number of terminals in a small package 
area, chip scale packages have been developed Which con 
sume nearly the same area on the circuit board as the area of 
the encapsulated die. For example, a chip scale package for 
housing a square die 10.0 millimeters on a side typically 
occupies an area betWeen 10.0 and 16.0 millimeters on a 
side. The small footprint is achieved by forming die mount 
ing ?ags on the interposer Which are aligned With and 
soldered to the bonding pads of the die in a “?ip-chip” 
fashion. The die mounting ?ags are coupled With Wiring 
traces to more loosely spaced package terminals of the 
interposer. The die can be encapsulated in a molding com 
pound for protection. 
A problem With prior art chip scale packages is high 

thermal resistance due to their small area and the loW 
thermal conductivity of the interposer substrate, Which lim 
its the poWer dissipation of the device. In addition, such high 
thermal resistance can result in damage to the integrated 
circuit from elevated temperatures created by poWer dissi 
pated by nearby components. Heat sinks could be mounted 
on the package to reduce the die temperature, but heat sinks 
increase the package footprint and induce mechanical stress 
on the package Which can adversely affect the reliability of 
the device. 

Hence, there is a need for a small footprint semiconductor 
device With increased poWer handling capability. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cutaWay isometric vieW of an electrical system; 

FIG. 2 is a side vieW shoWing further detail of the 
mechanical and electrical connection of semiconductor 
device; and 

FIG. 3 is a side vieW of a detail of a semiconductor device 
in an alternate embodiment. 

DETAILED DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cutaWay isometric vieW of an electrical system 
10 including a system printed circuit board 14 for mounting 
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2 
and interconnecting electrical components 12 and a semi 
conductor device 16. A heat sink 20 is mounted to a chassis 
22 by means of a screW 24 or the equivalent, and a layer of 
thermally conductive paste is applied betWeen heat sink 20 
and chassis 22 to thermally couple heat sink 20 to chassis 22. 
In an alternative system Where a heat sink is not used, 
semiconductor device 16 can be thermally coupled directly 
to chassis 22. 

System board 14 includes a substrate made from a dielec 
tric material such as ceramic, epoxy ?berglass, or phenolic 
to provide mechanical support for electrical components 12 
mounted on its surface. These substrate materials have a loW 
thermal conductivity and therefore a limited capacity to 
remove heat generated by electrical components 12. If too 
much heat is generated, an excessive temperature can arise 
near the surface of system board 14, damaging circuit 
components and decreasing system reliability. System board 
14 includes one or more layers of Wiring traces 26 operating 
as electrical conductors for interconnecting electrical com 
ponents 12. 

Semiconductor device 16 includes a distribution substrate 
18 and a semiconductor die 19 Which typically is an inte 
grated circuit die. Substrate 18 is made from a ?exible 
material such as polyimide that has a surface for disposing 
Wiring traces 34 to electrically connect semiconductor die 19 
to terminals 38 and to traces 26 of system board 14. 

Substrate 18 has a mounting region 61 containing closely 
spaced die mounting ?ags 36 Which are aligned With bond 
ing pads 30 of semiconductor die 19. Bonding pads 30 are 
soldered to the die mounting ?ags to mount semiconductor 
die 19 to substrate 18 using a standard “?ip-chip” process. 
The die mounting ?ags are coupled to Wiring traces 34. An 
under?ll material (not shoWn) typically made of epoxy is 
interposed betWeen substrate 18 and semiconductor die 19 to 
provide a rigid mounting base for protecting semiconductor 
die 19 from vibration and other mechanical stresses that can 
cause lifting or other damage. 

Substrate 18 includes a terminal region 62 for disposing 
terminals 38 of semiconductor device 16 to make external 
connections to electrical components 12. Terminals 38 are 
electrically coupled to semiconductor die 19 along traces 34 
formed on substrate 18. Substrate 18 is extended for a 
distance to thermally isolate die mounting region from 
terminal region 62. In other Words, die mounting region 61 
is separated from terminal region 62 by a distance that 
avoids heat generated by semiconductor die 19 from 
adversely affecting the operation of components mounted 
near terminal region 62, and vice versa. The distance needed 
to achieve thermal isolation is highly variable, depending on 
the amount of heat generated, the siZe and thermal charac 
teristics of heat sink 20 and/or chassis 22, the desired 
operating temperature, etc. In a typical embodiment such as 
the one shoWn in FIG. 1, Where semiconductor die 19 
generates 100.0 Watts of poWer, a distance of 2.0 millimeters 
is typically suf?cient to thermally isolate die mounting 
region 61 from terminal region 62, especially Where termi 
nals 38 of semiconductor device 16 are mounted near an 
edge of system board 14 While semiconductor die 19 is 
mounted to chassis 22 nearby. 

As a feature of the present invention, even 5.0 millimeters 
of distance betWeen terminal region 62 and die mounting 
region 61 alloWs terminals 38 to be attached to system board 
14 While mounting semiconductor die 19 to a remotely 
located heat sink 20. Hence, thermal isolation is achieved 
Without requiring extra space on system board 14 for mount 
ing heat sink 20. Obviously, Where heat sink 20 is mounted 
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to chassis 22 at a location more remote from system board 
14, substrate 18 can be extended to the distance needed. The 
extension of substrate 18 typically does not create a signal 
delay problem, even at higher frequencies. Where necessary, 
substrate 18 can be con?gured as a transmission line to 
minimiZe signal degradation on traces 34. Solder or ther 
mally conductive silver-epoxy paste or its equivalent is 
applied betWeen semiconductor die 19 and heat sink 20 to 
aid in the dissipation of heat generated by semiconductor 
device 16. 

The advantages of the present invention are most appre 
ciated When heat sink 20 is mounted to an area of chassis 22 
that Would not otherWise be utiliZed, as shoWn in the 
embodiment of FIG. 1. In many systems, such unutiliZed 
regions of the chassis are common. By taking advantage of 
such a region, the present invention alloWs the temperature 
of semiconductor die 19 to be controlled While occupying 
substantially the same area of system board 14 as prior art 
semiconductor devices that do not have such thermal con 
trol. 

It can be seen that While substrate 18 can be extended to 
an arbitrary length, its Width retains chip scale dimensions, 
i.e., a Width comparable to that of a prior art chip scale 
package. In other Words, the Width of substrate 18 is nearly 
the same as the Width of semiconductor die 19. Hence, 
semiconductor device 16 occupies the same area of system 
board 14 as does a chip scale semiconductor package “in one 
embodiment, the substrate 18 is less than 6 mm greater than 
a Width of a semiconductor device 16.” The present inven 
tion therefore combines the small footprint of a chip scale 
package With the substantial poWer handling capability of a 
physically larger poWer semiconductor package to increase 
the integration level of semiconductor die 19 While control 
ling the temperature. In one embodiment of semiconductor 
device 16, a factor of ?fty reduction in thermal resistance 
has been observed When compared With a device housed in 
a prior art chip scale package of comparable siZe. 
As previously described, substrate 18 comprises a ?exible 

material Which can bend for mounting terminals 38 to 
system board 14 While mounting semiconductor die 19 to 
heat sink 20 or chassis 22 oriented at a different angle. Such 
materials can bend to a radius less than 5.0 millimeters and 
are therefore ideally adapted for small volumes. In an 
alternate embodiment, Where such bending or ?exibility is 
not needed, substrate 18 can be made from a rigid material 
such as the ceramic, epoxy ?berglass, or phenolic material 
similar to that used to fabricate system board 14. 

Many prior art chip scale packages mount the semicon 
ductor die on a mechanically rigid substrate to prevent both 
the die and the solder bumps from incurring cracking or 
other damage When subjected to mechanical stresses such as 
vibration. Other prior art chip scale packages use an epoxy 
under?ll layer interposed betWeen the die and substrate 
(either rigid or ?exible) to provide the needed rigidity. The 
present invention takes advantage of the rigid nature of heat 
sink 20 or chassis 22 to provide a similar mechanical 
protection of semiconductor die 19. 

FIG. 2 is a side vieW shoWing further detail of the 
mechanical and electrical connection of semiconductor 
device 16 to heat sink 20 and to system board 14. In the 
?gures, elements having the same reference number have 
similar functions. Solder bumps 32 are formed on bonding 
pads 30 during the manufacture of semiconductor die 19. A 
plurality of mounting ?ags 36 coupled to traces 34 (not 
shoWn in FIG. 2) are arranged on a surface of substrate 18 
in a mirror image pattern to bonding pads 30 such that When 
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4 
solder bumps 32 are re?oWed, semiconductor die 19 is 
electrically coupled to mounting ?ags 36 and traces 34, 
using feedthrough vias (not shoWn) if necessary. 

At the other end of traces 34, ?ags are formed for 
operating as terminals 38 of semiconductor device 16. 
Solder balls 40 are re?oWed to attach and electrically couple 
terminals 38 to ?ags 42 for interconnecting With electrical 
components 12. 

FIG. 3 is a side vieW shoWing a detail of an alternate 
arrangement of semiconductor device 16 With respect to heat 
sink 20 and system board 14. Substrate 18 is thermally 
connected to heat sink 20 using a solder paste or similar 
thermally conductive material. Semiconductor die 19 is 
mounted on a ?rst region of substrate 18 With its inactive 
surface facing substrate 18. Semiconductor die 19 is held in 
place With silver epoxy or a similar thermally conductive 
adhesive material. Heat is routed aWay from semiconductor 
die 19 to heat sink 20 through feedthrough holes 50 drilled 
or punched in substrate 18 and ?lled With a high thermal 
conductivity material such as copper or solder. Semicon 
ductor die 19 is electrically coupled to terminals 38 by 
attaching Wire bonds 52 betWeen bonding pads formed on 
the active surface of semiconductor die and Wire bond ?ags 
36, Which are electrically coupled to terminals 38 and 
system board 14 as described above. Semiconductor die 19 
is encapsulated in a standard die coating material or molded 
plastic compound (not shoWn) applied to its active surface to 
further protect semiconductor die 19 and Wire bonds 52. 

By noW it should be appreciated that the present invention 
provides a chip scale semiconductor device With improved 
heat dissipation. A semiconductor die is mounted in a die 
mounting region of a substrate and coupled to Wiring traces 
disposed on the substrate. The substrate has a terminal 
region for disposing terminals for making external connec 
tions to the semiconductor device. The terminal region is 
separated from the die mounting region by a distance that 
alloWs a physical characteristic of the semiconductor die to 
be controlled Without altering a physical characteristic of the 
terminal region or the system circuit board. Device tempera 
ture is an example of such a physical characteristic, and is 
controlled by thermally coupling the semiconductor die to a 
heat sink or a chassis in Which an electrical system is housed. 
Conductors are formed on the substrate to electrically couple 
the semiconductor die to the terminals. By mounting the 
terminal region of the substrate to the system circuit board, 
a minimum amount of circuit board area is occupied by the 
semiconductor device. The substrate is extended to a control 
device such as a heat sink, Which can be located remotely so 
as to not require mounting to the system circuit board. 
Hence, temperature is controlled Without increasing the 
circuit board area occupied by the semiconductor device. 
We claim: 
1. A semiconductor package, comprising: 
a ?exible substrate having a plurality of conductors routed 

along the ?exible substrate betWeen a mounting region 
of the ?exible substrate and a terminal region of the 
?exible substrate Wherein the mounting region is physi 
cally separated a distance of at least 2.0 millimeters 
from the terminal region to thermally isolate the mount 
ing region and the terminal region; and 

a heat generating semiconductor device having a ?rst 
surface disposed on the mounting region of the ?exible 
substrate, Where the heat generating semiconductor 
device is mountable to a heat dissipating surface for 
dissipating the heat generated by the semiconductor 
device. 
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2. The semiconductor package of claim 1, wherein the 
?exible substrate ?exes to a radius less than 5.0 millimeters. 

3. The semiconductor package of claim 2, Wherein the 
?exible substrate is made from a polyimide material. 

4. A semiconductor package, comprising: 
a ?exible substrate having a plurality of conductors routed 

along the ?exible substrate betWeen a mounting region 
of the ?exible substrate and a terminal region of the 
?exible substrate Wherein the mounting region is physi 
cally separated a distance from the terminal region to 
thermally isolate the mounting region and the terminal 
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region and Wherein a Width of the ?exible substrate is 
less than six millimeters greater than a Width of the 
semiconductor device; and 

a heat generating semiconductor device having a ?rst 
surface disposed on the mounting region of the ?exible 
substrate, Where the heat generating semiconductor 
device is mountable to a heat dissipating surface for 
dissipating the heat generated by the semiconductor 
device. 


